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Abstract: Dense buildings in modern cities make street pollutants more and more difficult to disperse, and 
the exposure level of urban residents to pollutants has increased significantly. This study focuses on the 
spatial and temporal distribution of ambient air pollution in urban streets and the relationship between street 
morphology and pollutant dispersion, and explores ways to reduce ambient air pollution in streets through 
spatial design. The study used the CityGrid urban grid data monitoring station to conduct an empirical study 
on an urban trunk road in Wuhan during the winter of 2020 to 2021, monitoring pollutants including NO2, 
O3, PM2.5, and PM10. The results showed that pollutant concentration changes in the near-road environment 
are affected by a combination of meteorological elements and traffic flow characteristics. The wind parallel 
to the road is more favorable to evacuate pollutants inside the street canyon, and the ambient wind above the 
canyon perpendicular to the road causes vortices in the canyon that cause gaseous pollutants to accumulate 
on the leeward side of the canyon. The distribution of particulate pollutants is mainly related to the distance 
of road pollutant sources. Building access ventilation can effectively evacuate street pollutants, and NO2 
and O3 decay to stable levels in shorter distance from the road than PM2.5 and PM10 in downwind direction. 
The future urban street planning can effectively alleviate street pollution levels through strategies such as 
street canyon morphology control, green landscape facilities arrangement, increasing the building interface 
opening, and building bottom overhead.
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1. Introduction

With the rapid development of economy and 
the advancement of urbanization, urban air 
pollution is becoming increasingly serious [1]. 

In 2019, the number of deaths caused by ambient air 
pollution reached 4.5 million globally [2]. Urban streets 
are important activity places for urban residents, 
and also the areas with the highest concentration of 
pollutants emitted by motor vehicles [3]. In high-density 
cities, especially in central urban areas, buildings on 
both sides of roads are continuously distributed to form 
street canyons [4]. The blocking of buildings causes a 
cumulative effect of pollutants, exposing pedestrians 
and residents to higher air pollution [5]. Epidemiology 
and toxicology have shown that long-term exposure 
to high concentrations of polluted air can seriously 
damage people's health, leading to cardiovascular and 
chronic respiratory diseases, and even lung cancer [6-7].

Since the Ministry of Ecology and Environment 
of China issued the new ambient air quality standard 
(GB3095-2012) in 2012, nitrogen oxides (NOx), ozone 
(O3), particulate matter (PM) and other pollutants have 
become the main pollutants for urban air pollution 
control. The main source of NOx and PM in the street 
environment is vehicle exhaust emission [8], among 
which NO2, PM2.5 and PM10 have high content and great 
harm to human body. NO2 is a red-brown respiratory 
irritant gas, PM2.5 and PM10 are particulate matter with 
a diameter of 2.5 and 10 microns or less, respectively. 
O3 is a secondary pollutant, which is generated by a 
series of chemical reactions of NOx, carbon monoxide 
(CO), volatile organic compounds (VOCs) and other 
precursors [9].

The investigation of air pollution in urban street 
environment has always been a difficult task due to 
the diverse arrangement of buildings, the uncertainty 
of the location of pollution sources and the complex 
turbulence characteristics of urban canopies [10]. 
Model simulation and field measurement are two 
main methods applied to the study of urban street 
air pollution [11]. In model simulation studies, urban 
street environment is often idealized, and there 
are unexpected differences between the results of 
numerical models and the actual situations [12]. The field 
measurement results can truly reflect the distribution of 
pollutants, which can also provide parameters for the 
numerical model and evaluate the output results of the 

numerical model [13].
Many studies have studied the horizontal and 

vertical distribution characteristics of air pollutants 
in street canyons based on field measurements [14-16]. 
The flow field and pollutant distribution inside streets 
show spatial variations due to the various geometric 
characteristics of street canyons [17], which also affect 
the interaction between indoor and outdoor air of street 
buildings. Especially for naturally ventilated buildings, 
street air pollution is a key factor affecting indoor air 
quality [18-19]. Studying the air pollution characteristics 
of street canyons is conductive to provide references 
for the ventilation design of street buildings. Since the 
street is not closed, its internal pollutants will spill out 
and form the "road impact zone" [20]. People within 
100-500m from the main road will still be directly 
affected by vehicle emissions [21-22], and the diffusion 
characteristics of various pollutants on both sides of the 
road are also very different [23].

As for the influencing factors of street air pollution, 
previous studies focused on traffic conditions [24-25], 
meteorological elements [26-27], street spatial forms [28-29], street 
facilities [30-31], etc. Street pollution levels are closely 
related to traffic flow [32-33]. Freight vehicles, especially 
heavy diesel vehicles, are the main emission sources 
of traffic pollutants [34]. In terms of meteorological 
elements, wind, air pressure, atmospheric stability, 
precipitation, temperature and humidity can all affect 
the formation, diffusion, migration and transformation 
of pollutants [35-36]. The good ventilation environment 
is an effective factor to promote the rapid diffusion of 
pollutants in streets. Street ventilation is affected by 
meteorological conditions, topography and geometric 
structure of streets. Relevant street shape variables 
include aspect ratio (H/W, H is the building height 
and W is the street width), symmetry (h1/h2, h1, h2 
are the heights of buildings on both sides of the street 
respectively), sky visibility factor (SVF), etc. [37-38]. To 
study the influence of street geometric characteristics 
on street air pollution characteristics, and improve 
street ventilation through street form planning becomes 
an effective means to improve the quality of street air 
environment.

The microscopic distribution characteristics of 
pollutants in typical street scenes still need to be 
further revealed. In addition, few studies focus 
on the difference of pollution characteristics of 
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various pollutants. In this research, a typical trunk 
road in Wuhan was selected to conduct a measured 
study on four pollutants, NO2, O3, PM2.5 and PM10. 
This study revealed the differences in pollution 
characteristics between the near road environment and 
the background environment, analyzed the temporal 
variation of pollutants and their influence by traffic 
and meteorological factors. The spatial distribution 
of pollutants in street canyon and building access was 
revealed through multiple groups of measurement 
points arrangement, and the method of comparing the 
pollution levels of measurement points under different 
simultaneous measurements was proposed. In addition, 
the influence of wind environment on the street 
pollution was further discussed. Based on the spatial 
characteristics of pollutants, the optimization strategies 
of street geometry and ventilation of the roadside 
buildings were proposed.

2. Materials and Methods
2.1 Sampling Points and Times
This study was conducted during November 2020 to 
January 2021 on Luoyu Road in Wuchang District, 
Wuhan City, which is an important east-west traffic 
artery. The measured area is located in the center of the 
city and there are no large industries around, and the 
main source of pollution is motor vehicle emissions. 
The arrangement of measurement points is shown in 
Figure 1. LYR-A, LYR-B and LYR-C are arranged 

along the road section inside the street canyon. Among 
them, LYR-A and LYR-B are are respectively located 
at the edge of the motorway on the south and north 
sides of Luoyu Road, LYR-C is adjacent to the building 
on the north side. LYR-D is located at the entrance 
of a building access, LYR-E is located 90m north of 
LYR-D, and there is a pedestrian channel between 
the two points, with street trees planted on both sides. 
LYR-F, LYR-G, LYR-H and LYR-I are located in 
another building access on the north side of the road, 
which are arranged 0m, 80m, 220m and 250m away 
from the road edge respectively. LYR-J is arranged 
parallel to LYR-G, but there is a building barrier 
between it and the road.

A key factor in evaluating the incremental contribution 
of street air pollution is the estimation of background 
concentrations [39]. The background concentration is 
affected by the combined effect of urban integrated 
pollution emissions, geographical environment and 
climatic conditions. The monitoring data near and upwind 
of the study area is generally chosen to represent the 
background concentration [40]. In this study, a measurement 
point (BG-LJM) far from the city road is selected as the 
background measurement point. The dominant wind 
direction in winter in Wuhan is north and northeast, and 
this measurement point is located in the northeast of the 
measured area, at a distance of about 1.6 km from Luoyu 
Road, which can well reflect the variation of background 
pollutant concentration.

Figure 1. Distribution of road monitoring points on Luoyu Road
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The field measurements were conducted from 
November 30 to December 4, 2020 and from January 11 
to January 15, 2021. Taking into account the differences in 
air pollution characteristics due to road traffic conditions 

between weekdays and rest days, all measurements were 
conducted on weekdays, and the daily measurement 
period was from 6:00 to 20:00. The basic information of 
measurement points is shown in Table 1.

Table 1. Basic information of monitoring points

Monitoring points Distance from the road edge Monitoring height Actual measurement time
LYR-A 1m 1.5m 2020.11.30-2021.12.4
LYR-B 1m 1.5m 2020.11.30-2021.12.4
LYR-C 15m 1.5m 2020.11.30-2021.12.4
LYR-D 15m 1.5m 2021.1.11-2021.1.12
LYR-E 105m 1.5m 2021.1.11-2021.1.12
LYR-F 1m 1.5m 2021.1.13-2021.1.15
LYR-G 80m 1.5m 2021.1.13-2021.1.15
LYR-H 220m 1.5m 2021.1.13-2021.1.15
LYR-I 250m 1.5m 2021.1.13-2021.1.15
LYR-J 90m 1.5m 2021.1.13-2021.1.15

BG-LJM 1.6km 3.0m 2020.11.30-2021.12.4
2021.1.11-2021.1.15

2.2 Data Measurement and Processing
This experiment uses the CityGrid urban grid data 
monitoring station (version G3.2) to monitor road 
air pollutants and related meteorological data, as 
shown in Figure 2. CityGrid is the third-generation 
upgraded outdoor unit product launched by Beijing 
Xiangsu Technology Co., LTD. It adopts integrated 
software and hardware design, intelligent online data 
uploading and cloud data management. The device can 
monitor 20 parameters at the installation: light, UV, 
temperature, humidity, water level, wind direction, 
wind speed, atmospheric pressure, noise, PM2.5, 

PM10, NO2, SO2, CO, CO2, O3, VOC, pedestrian flow, 
vehicle flow, vehicle speed, etc. The built-in sensors 
have a wide measurement range and are calibrated by 
a high-precision laboratory to collect environmental 
data effectively and accurately, with a maximum data 
acquisition frequency of 100 ms per time. In this study, 
four pollutant mass concentrations of NO2 , O3 , PM2.5, 
PM10 and six meteorological data of temperature, 
humidity, illumination, air pressure, wind speed and 
wind direction were collected with a data generation 
frequency of 1 item/minute.

Figure 2. CityGrid urban grid data monitoring station

The raw data collected had erroneous or abnormal 
data that needed to be removed due to the influence 

of CityGrid instruments themselves or external 
forces. The pollutant mass concentration data and 
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meteorological element data of each measurement point 
were pre-processed using SPSS software. The changes 
of pollutants and meteorological elements at each 
measurement point were plotted in time series order, 
and the missing and fixed values of various pollutants 
and meteorological data were screened out. The 
screening of data extremes is shown in Figure 3, with 
a 10-minute sliding window for continuous checking 

along the time axis, setting a confidence interval of 
95% for the mean value of the statistic, and determining 
the location of the extremes and the time point at which 
the data are located [41]. The missing and fixed values in 
the original data were uniformly treated as non-zero null 
values. The maximum or minimum value is replaced by 
the average value of 5 minutes before and after the point 
at which the extreme value is located

Figure 3. Example of outlier checking

2.3 Data Analysis
2.3.1 Descriptive Analysis
The coordinates of the monitoring points were projected 
onto the general horizontal axis Mercator 49N area. 
The vertical distance between the monitoring point and 
the road edge was calculated, and the monitoring points 
were divided into "near road" ( < 30m), "middle" (30-
100m) and "long distance" ( > 100m). The wind speed 
is classified into three levels ( < 3m/s, 3-5m/s, >5m/
s). The road wind angle is calculated by subtracting 
the road deflection angle from the wind direction. If 
the absolute value of the angle is less than or equal to 
30°, the wind is considered parallel to the road. If the 
absolute value of the angle is between 60-90°, the wind 
is considered perpendicular to the road. It can further 
determine whether the monitoring point is in the 
upwind or downwind direction.

Descriptive analysis depicts the street pollution level, 
meteorological characteristics and traffic conditions, 
and examines the differences of pollution level caused 
by the spatial environment of the street, wind direction, 
and the distance from the road. The results are shown 
in line chart, histogram, and box diagram, and the 

indicators used include average concentration and 
normalized concentrations (see below).

2.3.2  Correlation Analysis
In this study, the Pearson correlation coefficient 
method was used to test the correlation between 
pollutant concentrations and meteorological elements, 
in which the ground meteorological elements include 
temperature, humidity, lightness, air pressure and wind 
speed. In order to consider the influence of road traffic 
conditions on pollutants, the influence of background 
concentration needs to be excluded. The study uses 
the average hourly concentration of pollutants at road 
monitoring points minus the background concentration 
to obtain the corrected pollutant concentration, 
and performs correlation analysis on it and traffic 
indicators.

2.3.3 Normalization Method
The monitored pollutant concentrations reflect the 
combined contribution of many emission sources, such 
as regional traffic, industry, and long-range sources. 
And they are influenced by meteorological and traffic 
conditions, with large fluctuations over time, even 
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when monitored at the same measurement point. The 
pollutant concentrations at each measurement point 
monitored at the same time can be used to directly 
compare, because the effects of various factors on 
different measurement points in a small distance 
range can be considered consistent. But the pollutant 
concentrations at each measurement point monitored at 
different times cannot be used for direct comparison. 
Related studies usually normalize the monitored 
pollutant concentrations based on wind speed or traffic 
volume [42-43], but the data are relatively difficult to 
obtain. In this study, two normalization methods were 
used. The first method normalizes to the background 
concentration, dividing the observed near-road 
pollutant concentration by the background pollutant 
concentration to obtain the index of relative pollution 
level. The second method normalizes to the road edge 
concentration, which compares the concentration 
of pollutants near the road with the concentration 
measured at the expected point of maximum pollutant 
impact (road edge).

These two normalization methods are used to analyze 
the attenuation characteristics of near-road pollutants. 
Normalization to background concentration gives a 
clear indication of whether and where the measured 
pollutant drops to background levels. When the value 
is close to 1, the monitored pollutant concentration 
approaches the background concentration. Normalized 
to the road edge concentration provides a visual 
representation of the pollutant decay rate. When the 
normalized value reaches a steady-state value, ideally 
the monitored pollutant concentration is close to or 
reaches the background concentration. But due to 
unknown local pollutant sources and the uncertainty 
of time variability and measurements [44], the pollutant 
concentration usually drops to a stable level above the 

background concentration.

3. Results
3.1 Meteorological and Pollutant Concentration 
Monitoring
According to the meteorological data of Wuhan, the 
weather was mainly sunny and cloudy during the 
measurement period, with good air quality and wind class 
3 (3.3-5.4m/s) or less. The meteorological conditions of 
each monitoring point are shown in Table 2. 

The average temperature at measurement points A-E 
was maintained at 5-10°C with high air pressure, while 
the average temperature at measurement points F-J was 
above 10°C with low air pressure. The air humidity 
at measurement points A-C was above 60% RH, 
while the air humidity at the remaining measurement 
points was below 50% RH. The light intensity at each 
measurement point varied greatly. Some measurement 
points were blocked by buildings or trees from direct 
sunlight or receive direct sunlight for a short time. 
During the measurement period, the ambient wind in 
the street canyon of Luoyu Road was mainly parallel 
to the road. The wind speed at measurement points 
A and B was higher than that at measurement point 
C, which means that the wind speed at the center of 
the street canyon was higher than that at the corner. 
Among the measurement points arranged at different 
distances from the road, the wind speed was relatively 
higher at the roadside measurement points, which 
were easily affected by both the ambient wind and the 
turbulence caused by vehicles. The measurement points 
at the entrance of the building access were obviously 
affected by the wind from the access direction, and 
the wind speed at the measurement points located next 
to the building or surrounded by lush vegetation was 
generally low.

Table 2. Summary of meteorological monitoring at each measurement point

Measurement 
points

Statistical 
values

Temperature
(°C)

Humidity
(%RH)

Light 
level
(Lux)

Atmospheric 
pressure(hpa)

Wind path angle 
frequency (%)

Wind speed 
frequency (%)

0-30° 30-60° 60-90° 0-3m/s 3-5m/s > 5m/s

LYR-A
AVE 7.6 70.3 3947.9 1028.5

72.6 22.5 4.9 12.0 24.6 63.4MIN 3.8 36.8 0.0 1022.6
MAX 14.8 92.9 18063.0 1033.3

LYR-B
AVE 9.1 61.6 5331.3 1028.1

46.0 29.4 24.6 29.7 29.1 41.3MIN 3.9 21.9 0.0 1022.1
MAX 19.1 88.4 39628.0 1032.8
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Continuation Table:

Measurement 
points

Statistical 
values

Temperature
(°C)

Humidity
(%RH)

Light 
level
(Lux)

Atmospheric 
pressure(hpa)

Wind path angle 
frequency (%)

Wind speed 
frequency (%)

0-30° 30-60° 60-90° 0-3m/s 3-5m/s > 5m/s

LYR-C
AVE 8.5 65.9 6884.1 1027.7

56.7 15.4 27.9 82.6 14.4 2.9MIN 3.7 26.1 0.0 1021.7
MAX 17.4 92.3 42762.0 1032.4

LYR-D
AVE 8.3 29.8 12156.9 1025.1

27.6 21.2 51.2 42.2 30.0 27.8MIN 1.6 11.7 4.0 1016.3
MAX 15.3 62.9 54927.0 1033.7

LYR-E
AVE 6.2 36.7 391.7 1024.7

76.2 16.7 7.2 58.8 33.5 7.7MIN 1.4 19.8 0.0 1015.9
MAX 12.0 61.6 14653.0 1033.2

LYR-F
AVE 13.1 42.0 3165.6 1014.3

38.4 27.9 33.7 24.2 27.2 48.6MIN 2.3 16.7 24.0 1009.6
MAX 20.1 92.7 34836.0 1017.5

LYR-G
AVE 13.2 38.6 14517.3 1013.1

20.1 40.8 39.0 30.2 25.4 44.4MIN -0.3 14.7 0.0 1008.5
MAX 23.7 90.5 60825.0 1016.4

LYR-H
AVE 13.4 38.3 8355.9 1013.4

18.8 74.3 7.0 84.2 13.3 2.6MIN 2.8 14.2 0.0 1008.7
MAX 24.6 75.3 59351.0 1016.6

LYR-I
AVE 11.6 43.6 2012.0 1013.7

43.2 9.2 47.7 91.4 7.2 1.5MIN 2.2 22.6 5.0 1009.0
MAX 16.9 79.3 5483.0 1017.2

LYR-J
AVE 12.7 43.8 3100.1 1013.7

42.8 25.1 32.0 55.8 30.2 14.0MIN 0.4 11.4 3.0 1008.9
MAX 27.1 90.2 21473.0 1017.1

According to the Ambient Air Quality Standards (GB 
3095-2012), the 24-hour average concentration limits 
of NOx, PM2.5 and PM10 in urban residential areas are 
100 μg/m3, 75 μg/m3 and 150 μg/m3, respectively, and 
the daily maximum 8-hour average concentration limit 
of O3 is 160 μg/m. The daily maximum 8-hour average 
concentration limit value of O3 is 160μg/m3. The daily 
average concentrations of pollutants at the near-road 
measurement points and the background measurement 
points during the measurement period are shown in 
Figure 4.

The background NO2 and O3 concentrations 
were always maintained at low levels, and the NO2 
concentrations at the near-road measurement points 
were slightly higher than the background concentrations 
by 10-30μg/m3 from November 30 to December 4 and 
from January 11 to January 12, but always lower than 
the concentration limits. The difference between the 

near-road measurement points and the background 
concentrations of O3 was smaller and much lower than 
the concentration limits. NO2 and O3 concentrations 
rose sharply at the near-road measurement points 
from January 13 to 15, with NO2 concentrations 
breaking the concentration limit and O3 concentrations 
approaching the concentration limit. The PM2.5 and 
PM10 concentrations at the near-road and background 
measurement points showed a synergistic trend, with 
the difference in concentrations stabilizing at 10-30μg/
m3. The PM2.5 concentration at the peak was higher than 
the concentration limit, and the PM10 concentration was 
always lower than the concentration limit. Overall, the 
NO2 and PM2.5 pollution in the near-road environment 
of Luoyu Road was more serious. Studies have 
found that the daily average concentrations of 
pollutants in the near-road area show a cyclical trend 
of "formation-accumulation-diffusion", with a period 
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of 5-7 days [45]. The measurement time was relatively 
short, but the pollutant concentration changes still 

showed the characteristics of a certain phase of this 
cyclical trend.

Figure 4. Changes in daily average mass concentrations of (a) NO2, (b) O3, (c) PM2.5, (d) PM10 at near-road and background 
measurement points

3.2 Time-Varying Characteristics of Near-Road 
Environmental Pollution
Under the influence of source emissions, atmospheric 
mixing, and pollutant transport, the near-road pollutant 
mass concentrations show a daily variation pattern, 
as shown in Figure 5. The changes of NO2 and O3 
concentrations at the LYR-A/B/C/D measurement 
points show an increasing trend. The NO2 emitted by 
motor vehicles and the O3 generated by the optical 
chemical reactions continuously accumulate, and 
the pollutant diffusion and photolysis rate are less 
than the pollutant accumulation rate. The NR-LYR-F 
measurement point is located between the main road 
and the auxiliary road. Under the direct influence of 
vehicle exhaust emissions, the concentrations of NO2 

and O3 reach a high level in the morning rush hour of 
commuting, and then decrease with the combined effect 
of decreasing vehicle flow and expanding atmospheric 
boundary layer. In the afternoon, the concentrations 
of NO2 and O3 begin to rise. On the one hand, it’s due 
to the increase of traffic flow, and on the other hand, 
NOx and other precursor compounds are decomposed 
into NO2 and O3 under photochemical reactions. The 
contraction of the atmospheric boundary layer at night 
is not conducive to the diffusion of pollutants, so the 
concentrations of NO2 and O3 in the street continue 
to rise, and will reach the peak at midnight and then 
continue to decline until the next morning.

The change characteristics of PM2.5 and PM10 are 
similar at all measurement points. With the rapid 
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increase of traffic flow after sunrise, the concentrations 
of both show an increasing trend and reach the first 
peak at 7 o'clock. Due to the accumulation of pollutants 
in the streets during the morning rush hour, the PM2.5 
and PM10 concentrations reach a second and higher 
peak at 10 o'clock, and there is a certain lag effect of 
the morning peak traffic on PM2.5 and PM10 pollution. 

As the temperature rises, the atmospheric boundary 
layer rises, and the concentrations of PM2.5 and PM10 
begin to decline. In the afternoon, the concentrations of 
PM2.5 and PM10 show a continuous upward trend under 
the influence of rising traffic and shrinking atmospheric 
boundary layer.

Figure 5. Time by time variation of (a) NO2, (b) O3, (c) PM2.5, (d) PM10 concentrations at near-road measurement points

The ratio of pollutant concentrations at the near-road 
measurement points to the background concentration 
was calculated, and the time variation was shown in 
Figure 6. The ratio of NO2 and O3 concentrations to the 
background concentration shows a clear trend of first 
rising, then falling and then rising. The value in the 
morning peak hour is usually highest, the road pollution 
level increases rapidly relative to the background 
pollution due to the large amount of motor vehicle 
emissions. After that, the overall trend of the ratio 
decreases until around 15:00. The increase of traffic 

flow in the afternoon causes the ratio to rise again, 
but the increase is lower than the previous decrease, 
and the ratio of LYR-A/B/C/D reaches a stable value 
around 17:00. As the pollutants gradually diffuse at 
night, the street pollution level tends to be close to the 
background pollution level, and the ratio will gradually 
decrease until the next morning. The ratio of PM2.5 and 
PM10 concentrations to the background concentration 
shows horizontal fluctuation changes, 8:00, 11:00, 
14:00 and 16:00 are the peak of fluctuation, which 
corresponds to the rush hours of people's work days. 
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The continued increase of the ratio after 18:00 is associated with the accumulation of street pollutants.

Figure 6. Changes in the ratio of (a) NO2, (b) O3, (c) PM2.5, (d) PM10 mass concentrations to background concentrations at near-
road measurement points

In order to explore the influencing factors of pollutant 
concentration change in the near-road environment, 
the correlation between pollutant concentrations and 
meteorological elements, motor vehicle flow and traffic 
speed was analyzed, as shown in Table 3. 

The correlation between PM2.5 and PM10 is close 
to 1, reflecting their homologous characteristics. 
The correlation coefficient between NO2 and O3 
is 0.568, due to the photochemical cycle between 
NOx and O3 

[46]. NO2, O3 and PM2.5 concentrations 
are all negatively correlated with temperature and 
lightness. The increase of temperature leads to 
the expansion of the atmospheric boundary layer 
thus promoting the diffusion of pollutants. All four 
pollutant concentrations are positively correlated 

with humidity. Relative humidity affects the radiation 
conditions in photochemical reactions. A critical value 
of photochemical reaction intensity exists around 80% 
relative humidity, and NOx mass concentration shows 
a process of first increasing and then decreasing [47]. In 
addition, when the air humidity is low, it is not enough 
to produce gravitational sedimentation, and water vapor 
will act as a condensation nucleus to adsorb chemical 
and physical molecules in the air, which is easy to 
generate particulate matter [48]. All four pollutants are 
negatively correlated with atmospheric pressure. When 
the ground is dominated by low-pressure field strength, 
the atmospheric turbulence is relatively stable and the 
wind speed near the ground is small leading to poorer 
conditions for pollutant dispersion [49]. NO2 and O3 
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concentrations were significantly negatively correlated 
with wind speed, while the correlation between PM2.5 
and PM10 concentrations and wind speed did not pass 
the significance test, indicating that wind is more likely 
to evacuate gaseous pollutants. 

The correlation between NO2 and O3 and traffic flow 
is not significant, which shows that their concentration 
changes are mainly influenced by meteorological 
factors. PM2.5 and PM10 are significantly positively 

correlated with traffic flow, both of which are direct 
emission products of vehicle exhaust. In addition, 
vehicle tire wear and road dust will also increase the 
concentration of particulate matter. NO2, PM2.5, and 
PM10 are significantly negatively correlated with traffic 
flow speed, the smaller the traffic flow speed reflects 
the more serious road congestion, and the repeated 
stopping and accelerating of motor vehicles will emit 
more pollutants.

Table 3. Correlation of pollutant concentrations with meteorological and traffic elements

Contaminants NO2 O3 PM2.5 PM10 Temperature Humidity Illumination Atmospheric 
pressure

Wind 
Speed Traffic Traffic 

speed
NO2 1 .568** .140** .054** -.028* .258** -.098** -.321** -.164** -0.143 -.071*
O3 1 .122** .050** -.152** .340** -.134** -.136** -.113** -0.148 -.059

PM2.5 1 .903** -.034* .154** -.056** -.041** -0.016 .172** -.107**
PM10 1 -0.01 .031* -0.022 -.046** -0.017 .215** -.156**

** Significant correlation at the 0.01 level and * significant correlation at the 0.05 level (two-tailed).

3.3 Comparison of Street Canyon and Building 
Access Pollution Characteristics
There are significant spatial differences in the distribution 
of pollutants in the street environment. The continuous 
tall buildings on both sides of the road form narrow street 
spaces, that is street canyons. However, the buildings 

along the street are not continuous, and there are many 
building openings in the middle, which also serve as 
important ventilation corridors. The spatial distribution 
characteristics of pollutants under the two different 
microscopic scenarios of street canyon and building 
access were compared, as shown in Figure 7. 

Figure 7. Comparison of overall pollutant concentrations at street canyon and building access measurement points. (a) street 
canyon, (b) building access 1, (c) building access 2

The concentrations of NO2 and O3 at LYR-A are 
higher than those at LYR-B, while the differences in 
PM2.5 and PM10 concentrations between the two points 
are not significant. The NO2 and O3 concentrations 

at LYR-C next to the building were higher, while 
PM2.5 and PM10 concentrations were significantly 
lower compared to LYR-B on the roadside. The 
dominant wind direction above the canyon during 
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the measurement period tends to form vortices in 
the canyon, and gaseous pollutants are more likely 
to accumulate in the building corners on the leeward 
side of the canyon. The particulate pollutants are less 
affected by the vortices, and their pollution levels are 
mainly related to the distance of roadside pollution 
sources. The concentration levels of various pollutants 
in the building channel are significantly attenuated with 
the increase of road distance. LYR-G and LYR-J are at 
the same horizontal distance from the road, but LYR-J 
and the road are blocked by the building. It is found 
that the PM2.5 and PM10 concentrations are significantly 
lower at LYR-J, but the NO2 concentrations are 
comparable between the two measurement points, 
and the O3 concentration at LYR-J is higher than that 
at LYR-G. The buildings can effectively block the 
diffusion of particulate pollutants, and the obstructive 
effect on gaseous pollutants is not obvious.

The differences in pollution levels between the street 
canyon and building access under the wind direction 
of parallel and vertical roads were further compared, 

as shown in Figure 8. The pollution levels at each 
measurement point in the street canyon under the wind 
direction of the vertical road are higher than those 
under the wind direction of the parallel road, and the 
gaseous pollutants show more obvious characteristics 
relative to the particulate pollutants. When the wind 
direction is 0° that is parallel to the street, the main 
way of air pollution transmission in the street canyon 
is horizontal transport parallel to the street, which is 
more favorable to the diffusion of pollutants. When the 
wind direction is 90° that is perpendicular to the street, 
vortices are formed in street canyon, and the pollutants 
in the canyon are mainly transported horizontally in 
the vertical road direction and diffused vertically, with 
relatively low diffusion efficiency. Building access 
measurement points have lower pollution levels in 
the vertical road wind direction. As an important 
ventilation opening for the street, the building access 
is the input channel of fresh air, and the wind from the 
access can effectively reduce the pollution level of the 
street at the entrance of the building access.

Figure 8. Comparison of (a) NO2, (b) O3, (c) PM2.5 and (d) PM10 pollution levels at street canyons and building access 
measurement points under parallel and perpendicular road wind directions
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3.4 Road Different Distance Pollutant Concentration 
Downwind Attenuation Characteristics
Two normalization methods were used to analyze 
the attenuation characteristics of NO2, O3, PM2.5 and 
PM10 in the downwind condition, i.e., when the wind 
direction is parallel to the building access blowing from 
the road to the measurement point, as shown in Figure 9. 

There are significant differences in the attenuation 
characteristics of gaseous pollutants and particulate 
pollutants with the distance from the road. The 
pollution level of gaseous pollutants shows a sharp 
decline within a short distance from the road, while 
the pollution level of particulate pollutants shows the 
characteristic of gradually decreasing from the edge 
of the road to the background measurement point. 
In the range of 0 to 80m, NO2 and O3 attenuate to 
66.24% and 53.49% of the road edge concentration, 

and decreases from more than twice the background 
concentration to 1.42 and 1.12 times of the background 
concentration, respectively. PM2.5 and PM10 decay 
slowly, and the road edge concentration was 1.54 and 
1.56 times of the background concentration, and drop 
to 94.95% and 97.31% of the road edge concentration 
at 80m, respectively. In the range of 80-220m, NO2 and 
O3 decline slowly, and O3 is close to the background 
pollution level. PM2.5 and PM10 decrease to 79.95% 
and 81.12% of the roadside concentration, which are 
1.23 and 1.27 times of the background concentration, 
respectively. In the range of 220-250m, NO2 pollution 
levels continue to fluctuate horizontally, O3 pollution 
levels may rise abnormally due to the special 
environmental influence, and PM2.5 and PM10 further 
decrease slowly.

Figure 9. Attenuation of (a) NO2, (b) O3, (c) PM2.5 and (d) PM10 pollution levels with road distance
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The effects of wind speed on the decay of NO2, O3, 
PM2.5 and PM10 pollution levels with road distance 
were further analyzed, as shown in Figure 10. The 
decay patterns of the four pollutants with road distance 
don’t differ much between wind speed 0-3m/s and 
wind speed 3-5m/s. NO2 and O3 decay to stable levels 
at about 1.5 times and 1.2 times of the background 
concentration, respectively, PM2.5 and PM10 pollution 
levels continue to decline to about 1.2 times of the 
background concentration at 250m. When the wind 
speed is greater than 5m/s, the pollution level of 

pollutants at all measuring points decreases obviously. 
When NO2 and O3 decay to a stable level, NO2 is about 
1.3 times of the background concentration, and O3 is 
almost the same as the background concentration. The 
decay rates of PM2.5 and PM10 increase and approach 
stable levels at 220m. In summary, only when the 
wind speed reaches a certain threshold can it have a 
significant impact on the pollutant attenuation law, 
which is mainly reflected in the reduction of the 
overall pollution level and the increase of the pollutant 
attenuation speed.

Figure 10. Effect of wind speed on the attenuation of (a) NO2, (b) O3, (c) PM2.5 and (d) PM10 pollution levels with road distance

4. Discussion
This study characterized the temporal changes of 
NO2, O3, PM2.5, and PM10 in the urban near-street 
environment. NO2 and O3 accumulate gradually in 
the street environment, with the most severe pollution 
levels in the evening. PM2.5 and PM10 pollution levels 

are higher in the morning. The peak hours of street air 
pollution are coupled with the morning and evening 
travel times of commuters, in which travelers on foot 
will suffer the greatest pollutant exposure levels of 
the day. Residents should reasonably avoid traveling 
during the peak hours of pollution, change their 
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travel patterns or take certain protective measures. 
Second, traffic control is the most direct strategy 
for urban street air pollution management. Research 
results show that PM2.5 and PM10 are significantly and 
positively correlated with vehicle traffic flow, and 
traffic congestion leading to slower traffic flow can 
further increase pollutant emissions. The development 
of Low Emission Zones and Congestion Charge are 
two effective measures to control the worsening traffic 
emission problem. 

The pollutants have obvious spatial distribution 
characteristics in street canyons. The main modes of 
air pollution transport in street canyons are vertical 
exchange and horizontal transport, and the diffusion 
process of pollutants is closely related to the wind 
direction, various incoming winds generate different 
structural flow fields and turbulent kinetic energy fields 
in street canyons [50]. The Luoyu Road street canyon 
in this study belongs to the shallow street canyon (H/
W < 1) and near-symmetric canyon (h1 = h2), and this 
spatial pattern is common in the urban trunk roads. 
Related studies have shown that pollutants tend to 
accumulate in canyon corners when the aspect ratio 
is too small, and that too large an aspect ratio is not 
conducive to the exchange of air flow between the 
upper and lower layers. It is advisable to control the 
aspect ratio between 0.6 and 1.2 in planning [51], which 
is conducive to the formation of the main vortex in the 
canyon to transport pollutants to the high altitude. 

When the wind direction is perpendicular to the 
street, vortices are formed inside the canyon, and 
gaseous pollutants are more likely to gather in the 
building corners on the leeward side of the canyon. 
This has guiding significance for the functional layout 
of buildings on both sides of urban streets. Urban 
public buildings are relatively closed and generally use 
artificial ventilation, i.e. public buildings have higher 
tolerance to outside air pollution. Residential buildings 
are mainly naturally ventilated and have close contact 
with outside airflow and air quality. Therefore, 
residential buildings should be arranged in the 
downwind direction of the street valley, while public 
buildings are suitable to be arranged in the upwind 
direction of the street valley [52]. Particulate pollutants 
are less affected by eddy currents, and their pollution 
levels are related to the distance of road pollution 
sources. With the isolation and purification effect 

of green trees and hedge walls, particulate pollution 
levels at breathing heights on both sides of urban street 
valleys can be significantly reduced. 

Roads are important ventilation corridors in cities, 
and the angle between the street orientation and wind 
direction has a significant effect on the diffusion of air 
pollution. The "narrow tube effect" is formed when the 
ambient wind is parallel to the street canyon, and the 
flow velocity increases after the air enters the street 
canyon, which is more conducive to the evacuation of 
pollutants. The study by P. Kastner-Klein et al. found 
a general trend of increasing pollution concentration 
during the wind direction from 0° to 90° [53]. However, 
the accumulation of pollutants in a long road section 
may cause the concentration to increase. Therefore, in 
street planning, the angle between the dominant urban 
wind direction and the road should be considered, and 
the block scale should not be too large.

Building accesses are important vents of urban 
streets, the wind from the access can evacuate the 
pollutants more effectively than the wind parallel to the 
road. In the street planning, the openings of the street 
building interface should be reserved appropriately or 
the green open space should be increased. In addition, 
the street buildings can also take the form of bottom 
overhead, and the bottom of the building can be used 
as the air inlet, which can effectively alleviate the 
street pollution. However the building access will 
make the street pollutants spread to a longer distance. 
The decay rate of particulate matter along with road 
distance is lower than that of gaseous pollutants, 
and their influence ranges can reach more than 200 
meters. Therefore, buildings within the influence of 
road pollution should also give full consideration 
to ventilation orientation and try to avoid opening 
windows facing the road for a long time.

Due to the limitation of the number of experimental 
equipment, this study adopted the method of group 
measurement, and it was difficult to compare the 
pollution level of the measurement points monitored at 
different time periods. In addition, more measurement 
points should be arranged to reveal the spatial 
distribution characteristics of pollutants in streets. In 
the future, the vertical distribution characteristics of 
pollutants in street canyons and the detailed attenuation 
characteristics of pollutants on both sides of roads can 
be further explored.
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5. Conclusion
This study aims to reveal the spatial and temporal 
distribution of urban street air pollution and its 
influencing factors, explore the relationship between 
street form and pollutant diffusion, and find ways to 
reduce street air pollution through spatial design. The 
main conclusions are as follows:

(1) In the near road environment, NO2 and O3 
gradually accumulate and reach the highest pollution 
levels in the evening, but the ratio of NO2 and O3 to 
the background concentration is the largest during the 
morning rush hour. PM2.5 and PM10 pollution levels 
are higher in the morning, the ratio of PM2.5 and PM10 
to the background concentration showed a horizontal 
fluctuation trend.

(2) The low temperature, high humidity and 
low pressure environment will aggravate the street 
air pollution. Compared with PM2.5 and PM10, the 
evacuation effect of wind on NO2 and O3 is more 
obvious. PM2.5 and PM10 are significantly positively 
correlated with vehicle flow, and traffic congestion can 
further aggravate air pollution .

(3) In shallow and symmetrical street canyons, NO2 
and O3 are more likely to gather in the building corners 
on the leeward side of canyons under the influence 
of eddy currents. PM2.5 and PM10 pollution levels are 
mainly related to the distance of road. The aspect ratio 
of street canyon should be controlled around 1.

(4) The ambient wind parallel to the road is 
conducive to the evacuation of pollutants in the street 
canyon. Building accesses are important vents of urban 
streets, and the wind from the access is effective to 
evacuate street pollutants. 

(5) The decay rate of gaseous pollutants along 
with road distance is significantly faster than that of 
particulate matter. The pollution levels of NO2 and O3 
drop sharply within a distance of 80 meters from the 
road, and the influence range of PM2.5 and PM10 can 
reach over 200 meters. Buildings within the influence 
range of road pollution should fully consider the 
ventilation orientation.
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